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Abstract: Measuring the impact of climate change on water resources is commonly based on 
downscaled simulations from global climate models (GCMs). The downscaling of GCMs is used 
to improve representation of climate data over a regional part which can be produced either by 
using a regional climate model (RCM) or statistical downscaling. Although both of these two 
techniques are common, but they are seldom compared. This study review the relationship 
between climate change and water resources, impact of climate change on hydrological system, 
and the discussion on several downscaling methods that are commonly used in the assessment of 
climate change impacts on water resources. Past studies have shown that climate change will 
directly affect water resources, and will result to increase or decrease of the water body on earth 
surface. This study found that statistical downscaling technique is more favourable and more 
efficient technique to assess the climate change impacts on water resources. However, it is still 
not clear which methods can give the most reliable estimates of projected climate change, since 
the modelling procedures of GCMs have their own strengths and limitations. 
 





Climate change has relevant importance on water resources availability in the world. It 
is having very important issues regarding to the future water resources. Changes in 
temperature and increase of concentrations in greenhouse gases may affect the 
hydrology process, availability of water resources, and water use for farming, 
population, mining industry, aquatic life in rivers and lakes, and generation of 
hydropower. The rises in the surface temperature, alteration in precipitation patterns, 
and evapotranspiration rate caused by climate changes will accelerate the global 
hydrological cycle. According to IPCC (2013), the global climate simulations of 
precipitation are most likely will decrease in lower, mid and high latitudes. On the other 
Malaysian Journal of Civil Engineering 29(2):216-226 (2017) 217 
 
 
hand, some results show that the drought increases from 1% to 30 % for warmer climate 
by 2100.  
 
Projections of future climate and the significances for regional hydrology are very 
important for identifying proper mitigation and adaptation strategies under a climate 
changes. The most common tools for simulating complex climate processes are global 
climate models (GCMs). The typical horizontal resolution of GCMs is 200-300 km, 
which tends to greatly smooth the geographical features of the Earth's surface. 
Therefore, there is a need to obtain more detailed information when studying the 
regional scale impacts of climate change. Downscaling of GCMs, to improve 
representation over a limited region, can be done either by use of a dynamical 
downscaling or by statistical downscaling of the GCMs (Khan et al., 2006). Although 
both of these techniques are common, they are seldom compared. This paper 
investigates the effect of using different downscaling techniques for the assessment of 
climate change impacts on water resources. 
 
 
2.0 Climate Change, Water Resources and Hydrological Cycle Relationship 
 
Climate change has become one of great influences on water cycle, also known as 
hydrological cycle all over the world. Hydrological cycle and water resources are the 
most important aspects related to climate change. This is because of close relationship 
between both hydrology and water resources to the industry, city development and 
economic fields. The main reason on how climate change greatly affected the water 
resources is when there are changes in water body and water quality. The changes can 
be experienced because of climate factors such as rainfall intensity and especially the 
temperature changes.   
 
With the presence of the climate change, it will directly affect the evaporation, runoff, 
and the soil humidity. It will also cause the current situation of hydrologic cycle to be 
interrupted and directly caused the reallocation of the water resources in time and space, 
which resulted to the changes of water supplies in human society and ecological system. 
However, at the same time the water resources system changes will affect the local 
climate, and will exacerbate climate change to a certain extent (Nan et al., 2011).  
 
Many researches have been conducted since the increasing of climate change impact on 
the water resources. The issue was a priority for the public and led them to start the 
research of the impact of climate change on water resources at the early of 1980s. For 
example, from 1985 to 1987, World Meteorological Organization (WMO) has published 
a review regarding climate change impact and comes out with some tests and evaluation 
methods. Then, WMO published the analysis report of climate change impacts and even 
summarized the problems in water resources systems in line with future climate change 
(Houghton et. al., 1995; WMO, 1987). 
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After that, in 1999, a research on potential climate change impacts on water resources in 
the Auckland region (New Zealand) is assessed using scenarios of future climate change 
(in 2020, 2050, and 2100) and a daily water balance model to transform the scenarios 
into seasonal impacts on the soil water regime and catchment water yield. Differences in 
climate regimes and site characteristics are found important as the water yield results 
indicate an unambiguous change to increased yield, especially over winter, although 
with very large uncertainties concerning the magnitude of the change (Fowler, 1999). 
 
 
3.0 Impact of Climate Change on Water Resources 
 
Water is a fundamental element to human life and the most important natural resources 
in economic growth, social progress and agriculture development. It is not only 
necessity in both through direct consumption and use in agriculture but also in industrial 
activities (power generation, transportation, and waste management). As the water 
widely used for drinking purposes, the use of water for industrial purpose which is 
important to fuel economic growth must compete with the demands of household 
chores. Not only that, the availability of clean and safe water often is a constraint on 
economic development (Bigas, 2012).  
 
Due to the changes of water accessibility, the competing demands may lead to the 
possibility of increasing the conflict over the water resources. In northern Kenya, 
Samburu people are having some difficulties to adapt with the changing rainfall 
patterns, the decreasing amount of rainfall plus the other pressures on the natural 
resources. This situation led to a worsening of the conflict between tribal groups over 
access to scarce water (Smith, 2006). 
 
As for today without reliable water supply, there is a large number of people about one 
billion people still having shortage of enough safe water and more than two billion 
people lack safe sanitation (Hellmuth and Kabat, 2003). One of the most severe 
consequences of climate change will be the alteration of the hydrological cycle, and this 
will be greatly affected the quality and quantity of regional water resources (Raneesh, 
2014). Studies to provide more accurate water flow prediction for both gauged and 
ungauged sites of the Upper Thames River watershed model are developed, using 
hydro-meteorological variables (Jeevaragagam and Simonovic, 2012 and 2013). 
 
Generally, climate variability and change may affect both water quality and water 
quantity for the present and the future, which contribute to water scarcity described in 
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3.1 Water Quality 
 
The qualities of water bodies might be affected by climate change as the result of the 
changes in runoff, the pattern of transportation of agriculture, industrial or domestic 
pollutants and modification of the assimilation capacity of pollution by the water bodies 
related to changes in the temperature. 
 
Actually, the water quality also can be affected both directly and indirectly by the 
climate change. Indirectly, climate change may cause an increase in runoff which 
contributed increase in pollution due to different reasons, such as erosion and transport 
of sediments, pollution by fertilizers and pesticides used in agriculture, or urban and 
industrial pollution. It can also result a decrease in runoff and may lead to indirect 
consequences on water quality, which are related to changes in the assimilation capacity 
of pollution by water bodies (Cunha et al., 2007) 
 
Besides that, climate change also contributed to direct impact on water quality by the 
possibility of increasing water temperature which decreasing the actual level of 
dissolved oxygen in water and increase the released of phosphorus from sediments 
(Demuth and Radojevic, 2011). As a proof, Arheimer et al. (2013) found that the total 
mean load to the Baltic Sea may decrease for nitrogen and increase for phosphorus by 
2100, as the consequences of climate change. Beare and Heaney (2002) also found that 
climate change can affected the water quality by increasing the river salinity. If there is a 
reduction in precipitation, the surface water runoff will immediately decrease, causing 
less water to dilute the existing levels of saline ground water discharge. 
 
3.2 Water Quantity  
 
The changes in precipitation and temperature are the sole key to the changes in the 
availability of water resources including surface and groundwater (Beare and Heaney, 
2002). For example, Pungwe River Basin in Zimbabwe and Mozambique, the river flow 
and water availability have decreased due to a decreased in precipitation especially 
during the end of the dry season for about 50 to 60 percent which could led to severe 
other consequences (Anderson et al., 2011). Meanwhile at Mediterranean watershed, 
based on combined result from both Sado and Guadiana river basins, it can be noted that 
the precipitation and temperature, projected by the global climate models for the end of 
the twenty-first century, point towards greater reduction in the water availability 
(Mourato et al., 2015). Climate change also has the potential to impose additional 
pressures on water availability and water demand in Africa (Bates et al., 2008).  
 
In Africa’s large catchment basins of Niger, Lake Chad and Senegal, the total available 
water has already decreased by 40 to 60 percent, and desertification has been aggravated 
by lower than average annual rainfall, runoff and soil moisture, especially in Northern, 
Southern and Western Africa (Solomon, 2016). The consequences to water supply 
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include low water flows in springs and rivers, and decreasing groundwater levels. 
Mourato et al. (2015) found that there is a tendency of a high impact for reduction in 
water availability in Southern Portugal at the end of the 21st century (year 2100) as 
projected by climate models (SHETRAN) used in the study. 
 
 
4.0 Global Climate Models (GCMs) 
 
In climate change impact studies, hydrological models are needed to have high 
competency in simulating the current and future climates at sub-grid scale phenomenon. 
The Global Climate Models (GCMs) are the most commonly used tools in simulating 
the present and future climates for climate change studies. In general, these GCMs are 
able to simulate the detailed global and regional climate systems, and thus provide a 
reasonable representation of the global climate (Chiew et al, 2010).  
 
However, the GCMs have the properties of spatial and coarse resolution of reaching up 
to 300 km (Solomon, 2007) in determining the local climate change effects. In general, 
such high resolution is unable to be used in purpose of representing large watershed 
features and dynamics of the watersheds (Wigley et al., 1990; Carter et al., 1994). 
Moreover, GCMs are unable to provide the direct estimation of hydrological responses 
to climate change, not capable to provide hourly or daily rainfall and often biased 
representation (Segui et al., 2010). 
 
Therefore, due to the model’s incompetency, the outputs from GCMs must be 
recalculated by using appropriate resolution for better and more accurate analysis 
(Nasseri et al., 2013). Various methods involving the use of hydrological models had 
been integrated to obtain catchment-scale climate series for simulations for the current 
and future climates. The methods include the downscaling techniques, which are used to 
convert the regional scale meteorological variables from GCM outputs into a reliable 
daily rainfall series at the selected watershed scale to produce better and more reliable 
result (Nasseri et al., 2013). 
 
4.1 Downscaling Techniques 
 
The downscaling techniques are used mainly to derive the GCM outputs into a more 
reliable rainfall series corresponding to future climates (Dibike and Coulibaly, 2005). 
The techniques can be either dynamical or statistical (Mearns et al., 1999 and Segui et 
al., 2010). Dynamical and statistical downscaling methods are often presented as 
mutually exclusive but they can still be used together. 
 
Dynamical models are commonly used to extract local-scale information from large-
scale GCM data, by using the limited area models (LAMs) or regional climate models 
(RCMs) with relatively lower resolution of 25 km or 50 km compared to GCMs (Segui 
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et al., 2010). The studies on climate change impact with RCMs had been proven 
successful to numerous studies in different regions (Giorgi, 1990; Giorgi and Mearns, 
1991; Giorgi et al., 1990; Jones et al., 1995; and Jenkins and Barron, 1997). The main 
limitations of the dynamic modelling are that RCMs still require the computing 
resources,  highly expensive to run, and these models still require the need to downscale 
the results from such models to individual sites or localities for impact studies (Wilby 
and Wigley, 1997). 
 
On the other hand, the statistical downscaling methods (SDMs) generally provides 
hydrological useful regional algorithms and plays the important role in translating global 
climate change scenarios to more regional impact assessment (Xu, 1999). This method 
involves the study of empirical relationships and the correlation between global GCM 
meteorological variables and local meteorological variables. SDMs can be applied either 
by direct downscale local surface climate variables from large scale climate variables 
simulated by GCMs or from variables that are downscaled from GCMs using RCMs 
(Hundecha et al., 2016). Most of the studies that implemented statistical downscaling to 
RCM simulations used methods that are broadly categorized as change factor and bias 
correction methods as studied by Graham et al., (2007), Lenderink et al., (2007), 
Hurkmans et al., (2010), Rojas et al., (2012) and Ott et al., (2013). 
 
The site conditions and the variables of interest are the main factors in choosing the 
suitable statistical downscaling methods (Hundecha et al., 2016). Statistical downscaling 
methods such as multiple linear regression, nonlinear regression and stochastic weather 
generators are most preferred by many researchers in anticipating hydrologic impact 
studies under climate change scenarios. According to Xu (1999) and Nasseri et al. 
(2013), these methods are much easier and less costly to develop and implement, 
compared to dynamical downscaling techniques that required limited-area models 
(LAMs) or regional climate models (RCMs). The details on advantages and 
disadvantages of using the statistical regression based downscaling methods had been 
explained by Hessami et al. (2008).  
 
Statistical downscaling model (SDSM) is the most popular model used by researchers, 
and the most cited concepts and packages among regression based statistical 
downscaling methods (Nasseri et al.,2013 and Khan et al.,2006). The model basically 
often uses a multiple regression-based method that is developed from large-scale 
predictor variables and local scale predictors such as temperature and precipitation. The 
dual simplex algorithms are used in determining the parameters of the regression 
equation. For this model, the daily precipitation is modelled as conditional process to 
enable the researcher to correlate the local precipitation amounts with the occurrence of 
wet days, which in turn correlate with large scale atmospheric variables. Meanwhile, the 
temperatures are modelled as unconditional parameter in SDSM between the large and 
local scale parameters. The daily precipitation and temperature downscaling for the 
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model are structured as monthly model and thus twelve regression equations are derived 
for twelve months (Khan et al., 2006). 
 
The other commonly used downscaling model is a stochastic weather generator called 
Long Ashton Research Station Weather Generator (LARS-WG) as stated by Semenov 
and Barrow (1997). Compared to SDSM, large-scale predictor variables are not directly 
used in the LARS-WG model but instead, it need to be adjusted to local station climate 
variables by considering the monthly changes in mean daily precipitation amount, daily 
wet and dry series duration, mean daily temperature and temperature variability between 
current and future periods predicted by a GCM. Besides, the monthly precipitation data 
for LARS-WG are analysed based on the historical data to obtain statistical 
characteristics such as number of dry days, wet days and mean daily precipitation in 
each month of a year. Same as SDSM, precipitation modelling in LARS-WG is also a 
two-step process conditioned on wet and dry-days. However, unlike SDSM, temperature 
modelling for LARS-WG is modelled as conditional process in which, conditioned on 
dry and wet status of the days. 
 
There are lots of other methods available such as Artificial Neural Networks (ANNs), 
Support Vector Machine (SVM), Model Tree (MT), Multivariate Adaptive Regression 
Splines (MARS) and other linear regression methods. These methods have been used in 
the previous studies for climatological research, but they are not very common 
compared to SDSM and LARS-WG methods. It is because those two methods are very 






Two types of statistical (a stochastic and a regression based) downscaling techniques 
were applied by Dibike and Coulibaly (2005). The results obtained from both methods 
are different, but there is an increase in mean daily temperature values. Meanwhile, the 
variability of daily precipitation values for regression based method is more obvious 
compared to stochastic weather generator.  
 
Besides, there were lots of studies conducted by researchers in purpose of comparing 
and determining the aspect of uncertainty of those downscaling models. Khan et al. 
(2006) concluded that the SDSM is the best statistical downscaling model, followed by 
LARS-WG and the ANN. This is because SDSM is found to be capable in generating 
almost all downscaled statistical characteristics with 95% confidence level which is the 
highest value compared to two other models.  
 
There are various downscaling techniques available that are applied in climate change 
impact studies. However, it is still not clear which methods can give the most reliable 
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estimates of daily rainfall time series, since the study on this topic are still in a 
developmental stage and unable to produce the definitive answers. Xu (1999) and Segui 
et al. (2010) stated that the results from the studies by different types of models had 
been found in consistency, but the result was unable to be fully verified as all of the 
modelling procedures involved in the assessment of the impact of climate change had 
their own element of uncertainty (Meehl et al., 2000). Therefore, the future climate 
change impact study must look at all kinds of uncertainty related to the GCM in 
assessing the level of confidences (Christensen and Lettenmaier, 2006; Hamlet and 




A change in climate can directly affect many components related to hydrological cycle, 
such as water resources systems, ecological systems, local climate, and human activity 
(Nan et al., 2011). The main reason on how climate change greatly affected the water 
resources is when there are changes in water quantity and water quality (Raneesh, 
2014). Impact of climate changes will be the revision for hydrological cycle, and this 
will greatly affected the amount and quality of regional water resources. According to 
Dibike and Coulibaly (2005) insights from GCMs, the output was recalculated by 
appropriate resolution for better and more accurate analysis.  
 
The climate change impacts at local scale are necessary and play fundamental role to 
downscaling the global data, by working through statistical and dynamical methods 
(Mearns et al., 1999 and Segui et al., 2010). Statistical downscaling model (SDSM) is 
the most popular and the most cited model among regression based statistical 
downscaling methods (Nasseri et al., 2013 and Khan et al., 2006). On the other hand, 
dynamic downscaling develops a regional climate model (RCM) with the course GCM 
data for use as boundary conditions. Wilby and Wigley (1997) stated that the major 
limitations or disadvantages of the dynamic modelling are that it is quite complicated as 
it require the computing resources, take longer simulation time, high operating cost and 
above all, require the downscaled data for individual sites or localities for impact 
studies. Statistical downscaling techniques are usually the more favourable and much 
easier techniques for the assessment of climate change impacts on water resources 
(Khan et al., 2006). However, the projections of future climate impacts should look at 
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